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Glyphosate (N-[Phosphonomethyl]glycine) is a non-selective, post-emergence herbicide with 
a very broad spectrum which comes from its excellent herbicidal activity on a diverse group 
of herbaceous annual and perennial weeds. 
When applied to soils, its low herbicidal activity is usually explained by its moderate 
adsorption by the soil constituents, and its low intrinsic toxicity due to its rapid degradation 
by microorganisms to non-phytotoxic products. On the other hand, glyphosate is able to 
coordinate strongly to heavy metals as a tridentate or even tetradentate ligand. This is 
important from the point of view of the higher or lower availability of the complexes formed 
with heavy metals from the soil solutions, affecting GPS distribution in soils and sediments. 
! 
In relation to clay minerals, GPS adsorption is more related to the cation saturating the 
" interlayer space than to the cationic exchange capacity of the clay. However, there are 
discrepancies about the posibility to form interlamellar complexes from aqueous solutions 
when the cation saturating the interlayer space is not trivalent [1-2]. 
The objectives of this paper is to study GPS adsorption on montmorillonite and the influence 
that a. heavy metal as copper can exert on its adsorption. 
EXPERIMENTAL 
The montmorillonite used was a standard clay from Arizona (SAZ-1) supplied by the Clay 
Minerals Repository. 
Adsorption experiments on the clay mineral were carried out in triplicate by mixing 0.1 g of 
sample with 20 mi of glyphosate solutions in 0.01 N NaCl medium. Adsorption was studied 
also in the presence of different copper concentrations (O, 5, 20 and 30ppm) in order to know 
the effect of the complexation with gÍyphosate on its sorption. After reaching equilibrium, the 
supernatant solutions were centrifuged and the pesticide determined. The pHs of the initial and 
final solutions were measured. 
The copper in the equilibrium solutions was determined by atomic absorption spectroscopy 
(AAS) with nitrous oxide-acetylene flameo Ca and Mg released from the clay were 
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determined by AAS with acetylene-air flameo 
The pesticide was determined by HPLC by using two post-column reactions. The column used 
was a Fast Fruice Juice. The frrst post-column reaction was carried out for oxidizing 
glyphosate to glycine. The second one was to form the isoindole derivative, which was 
monitored by a fluorescence detector. The excitation and emission wavelengths were 325 and 
450 nm, respectively. 
RESUL TS AND DISCUSSION 
The adsorption isotherm of GPS when no copper is added can be observed in the figure. The 
low amount adsorbed (12 p,eq/g) at the highest concentration used seems to confirm that the 
pesticide adsorption only occurs on edge positions, since no correlation was found between 
GPS adsorbed and the amount of interlayer cations released. The competence exerted by 
phosphates on GPS adsorption [3] is attributed to GPS being adsorbed by the phosphonic 
moiety on tl;J.e same adsorption sites on the soil. In the case of clay minerals, glyphosate will 
be bound through exchangeable iron and aluminum as well as through aluminol sites on the 
broken edges by exchange ligand, being this latter the main mechanism in our system (no 
exchangeable iron and aluminium were present). However, when copper is present in 
'-
soludon, the shape of the isotherm changes to a S-type and glyphosate adsorption increases 
with the initial copper concentration, in an opposite way to copper sorpdon in presence of 
glyphosate [4]. 
In order to go insight into the mechanisms driving GPS adsorption on the clay in presence of 
the heavy metal, the Cu-GPS species in equilibrium soludon have been calculated. The 
stability constants for these chelates were taken from Motekaitis and Martell [5]. 
The CuG concentration is practically constant independently of the glyphosate initial 
concentration what suggests that this species is not controlling both copper and glyphosate 
adsorption but originating the opposite effect, to decrease Cu adsorption due to the formation 
of the complexo The CuHG adsorption should not be very important since the copper 
adsorption decrease with increasing initial glyphosate concentration is due to a free-copper 
concentratiun decrease, that is the main species in solution controlling copper adsorption [5). 
The increase in glyphosate adsorption when increasing initial copper concentration suggests 
that glyphosate adsorption is enhanced when the copper adsorbed increases, ~ince from the 
40 
" 
Cu-GPS complexes are not infered to have a marked effect on GPS adsorption as cornmented 
aboye. The montmorillonite treated previously with increasing copper concentrations showed 
a gIyphosate increasing adsorption when increasing the heavy metal Ioading. 
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